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Motivation

Higgs physics important for BSM physics ——pm precision measurements of the
Higgs sector crucial, specifically for the future colliders such as FCC-hh

H — ZZ*arare and important decay mode of Higgs boson
Z boson further decays into a pair of charged leptons, “Golden decay channel”

Precise theoretical predictions including higher-order terms for perturbative
calculations of the partial decay width of & — ZZ* crucial
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Higgs decay channels

In the H — 4l decay mode, the QCD virtual corrections involve HZ Z vertex
corrections at 2-loop level with massive quarks in the loop

Many mass scales, analytic calculation of 2-loop Feynman diagrams relevant to
QCD corrections in H — 4l decay mode non-trivial

First computation of 2-loop Ml relevant for O (aay ) corrections to H — ZZ* decay,
including full dependence on the internal massive top propagators

MI belong to 2-loop 3-point topology and depend on 4 mass scales




Mathematical aspects

Class of functions?

MI solved analytically using DE —m— appearance of square roots
Simultaneous rationalisation of all the roots possible or not plays an important role

On a formal side, geometry of Fl is often manifested by square roots that appear in DE
or in their direct integrations

Characterising FI by their geometries helps —=— connection behind the physics as
they appear in various QFTs



http://wikipedia.org
http://perso.univ-rennes1.fr

Analytic solutions of Feynman integrals

Feynman integrals ———p a set of master integrals (MI) using IBPs
Set up a system of DE for MI wrt kinematics dl = AT

Change the basis
eps-form

J=TI
df: eAj

Solve the system of DE iteratively to express the Ml in terms of iterated integrals

order-by-order in €
Je=) &g
j=0
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Finding a canonical basis

Presence of square roots —= find a coordinate system
such that all the square roots rationalise

Use bottom-up approach

Use Maximal cuts (Baikov loop-by-loop approach) to "r -
obtain an ansatz for a canonical basis for each sector e

After the diagonal matrix e-factorizes, fix the sub-sector |
(off-diagonal) contributions



Iterated integrals

* Chen’s definition of iterated integrals: ~+:[0,1] = M zi =7(0)  zy=~(1)
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* Goncharov Polylogarithms (MPLs): ~*w; = N —c
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6 propagators, 7 scalar products

. - :

Auxiliary diagram with 7 propagators

%)

de1 dPks 11[

-[1/11/21/31/41/51/61/7 (Dap%apgv m?a /"2) — 627E6 (MZ) /

2 . 2 ’L7T2 7,7'('2
p1 =Mz

2 ) P, = kl—l—mt, Pzz—k%—l-m?, P3=—(k1—k2)2,
Py = Tz~

2 2 Py = — (k1 — p1)* +mi, Ps=—(ky—p1)°+mi, Ps=—(ki—p1—p2)°+m;,

" = (p1 +p2)”* =my o

41 MIs —= Set up DE —= bring in an epsilon-factorised form using maximal cuts
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Coordinate system

V—u(—4+u), /-v(—4+v), /-w(—4+w) and +/A(u,v,w)

Au,v,w) = u? + v° + w? — 2uv — 2vw — 2wu.

2 2 2
mg. _ o _ (-2 my o (A-y)” my o (1-z)
5 = u = ) Y = V = ) — Y = w = .
my b my Y my Z

. (v22% 4+ z*y?2% — 2zyz(z + y(1 + 2(—2 + y + 2))) — 22%y2(z + y(1 + 2(—2 + y 1 z)))
\ + 2% (=2y(—1+2)%2 = 20° (-1 + 2)°2 + 2% + ¢*2" + Y (1L + 2(4 + 2(—6 + 2(4 + 2))))))-

Simultaneous rationalisation of all the square roots not possible
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Geometrical aspects of the square root

— P(x,y, z)

P(z,y,z) a degree 8 in-homogenous polynomial with no repeated roots

Homogenizing the polynomial, we obtain the hyper surface
Qz,y,z,1,7) =1 — Pi(z,y,21) =0

Degree 8 hyper surface in 4-dimensional weighted projective space wp"", with 4
assigned to 7 ——mm CY3in WpH 111
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Construct ansatz

Dlog-form

rationalising all the square roots simultaneously

Differential equation ——m— “dlog-form”

— —

dJ = e€AJ

31

Az’j = Zéz’jkd In(px(z, y, 2)), Cijk € Q
k=1

MI expressed as iterated integrals with dlog one-forms at each order in €

All boundary constants calculated analytically and expressed in terms of Li, (2)&
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Alphabet

/ v, r—Lz+lLy,y—Ly+l 2z 21 2+1,
aPy—a (P 1) 24yt —y (022 1) byt oz,
—a?yPe by (2 41) - 2 2Py - w (P20 4+ 1) + oz
Ty 2 —xyz + 12 — Y2t +yz — v,
xQZ—m(yZZ—yZerJFZ) T 2,

a:'Qyz—x((y— 1)z + 2° + 1) T Yz,

(xy — 2)(—y +x2)(x — yz)(—1 + 2yz)

- 2Pyz—a (P4 y(z— 1)+ 1) +yz,

\ —y (@t a(z— 1)+ 1) +ay?e 4o



Alphabet

—7 + nyz — nyZ — xy22 — XY + T2+ Yz —r—+ x2yz — 2w2y + :Ey2z — :L'yz2 + Y +xr2 — Yz
,r) ) )
r+ x?yz — 2yl —xyz? —xy+xz+yz v+ xyz — 202y + xylz — xyz? + a2y + 12 — Y2
—7 + 2:1:2y2z — Q:Qyz — azyzz — azyz2 — XY + T2+ Yz —r—+ :I:Qyz — 2:1:y222 + :zzyQZ + azyzz — XY — T2+ Yz

r+2x2y2z — 22yz — xyz —axyz? —xy 2z +yz | v+ 22yz — 2xy?22 + xylz oy — oy —xz +yz
—7 + 2x2y22 — Q:Qyz — azyzz — :L'yz2 + XY — T2+ Yz

r+ 2x2yz2 — x2yz — xy?z — 2y +xy — 2 +yz
—r 4+ 2%yz — 22y% 2% + 3xylr — 22y® + 2yt — 2xyz + Yy — 2 + Y2

r+ x2yz — 2xy222 + 3zylz — 22y? + xyz? — 2zyz Yy — x2 +yz
—r 4+ 22%y3 2 — 22%y% 2 + 2iyz — a0yl + xyty — 2xyt 4+ xyzt +xy — 22 +yz

r+ 2x2y3z — 222922 + x2yz — 22y222 + xyz — 222 +axyz? +axy — 12 +yz
—r 4+ 22%yz° — 2x2y2? + xiyz — a0yt + xyls + xyzt —xy — 2220 + 12+ yz

r+ 2x2yz3 — 222y22 + x2yz — 20y222 + xylz + xyz? —axy — 2222 + w2 +yz
—r 4+ 223y% 2 — 2x%y%r — 22%y2? + xyr — 22y + 2y + xyzt + xy + 12 — Yz

r -+ 2x3y2z — 222922 — 222y2? + 22yz — 22%y + xylz +axyz? oy + 12 —yz
—r 4+ 223y — 22%y° 2z + 2%yz — 2%y — 222 + xyz + xyz + oy + 12 — Yz

r -+ 2x3y — 2x2y2z + x2yz — 222y — 222z + xylz +axy? +xy 12 —yz

—r 4+ 223y2? — 2x2yPy — 22°y2? + xfyr — 222 + xyz + ayz? + oy + 12 — Yz

r 4 2xyz? — 20%y?z — 2xyz2? + x%yz — 20%z2 + xylz + xyz? + oy + 2 — Yz



Numerical evaluation

* Logarithmic kernels —s— numerical evaluation easy to implement

* [terated integration of the integral by parametrising the integrands on a path and
using a series expansion around a point on the path

* We integrate the integrals at multiple phase space point and match them against
publicly available numerical tools

Ja1
0
0
0.480453013918201424667102526326664971730552951594545586866864133623606538225983447219994826.
0.091897357209531231888638064557110275663904095878476866939767463992672257873373753939567730.
0.77871527559610942953838749822050129738711716640804640097546235603838226499918968726737350
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Conclusion

Analytic computation of MI contributing to a decay channel H — 4l at O(aa,)
Obtain an €- factorized dlog form for the DE for all MIs; use
For H — ZZ* all MI expressed in terms of iterated integrals with dlog one-forms

Analytic computation of partial decay width for H — 4l at O(aa;)



Thank you



